fg/h/\g=m\m3) (P < 0\m=.\05). When the amounts of progesterone produced per cell were multiplied by the absolute numbers of large luteal (1 \m=x\107) and small luteal (5 x 107) cells in the intact corpus luteum, basal progesterone production by large luteal cells (11\m=.\6\ m=+-\1\ m=.\6\g=m\g/h)was similar to that by small luteal cells (12\m=.\3\ m=+-\3\m=.\0\g=m\g/h).However, under LH stimulation, progesterone production by the small luteal cell type (39\m=.\9 \m=+-\9\m=.\5 \g=m\g/h) was\m=~\3 times greater than that by the large luteal cell type (12\m=.\3\ m=+-\1\m=.\6 \g=m\g/h) (P < 0\m=.\05).
Introduction
The corpus luteum (CL) of the sheep, like that of many other species, contains two types of luteal cell, small and large, which are believed to be derived from the theca and granulosa cells respectively of the ovarian follicle (Mossman & Duke, 1973; O'Shea, Cran & Hay, 1980) . For a number of reasons the large luteal cell has been widely assumed to be the major source of luteal progesterone (see Rothchild, 1981) . Firstly, it is the most prominent cell in an endocrine gland whose major hormone is progesterone. Secondly, granulosa cells from ovine follicles can produce Purification and incubation of cells The method for preparing fractions of endothelial, small luteal and large luteal cells from ovine CL has been reported in detail by . Briefly, ovaries were obtained at an abattoir from cyclic ewes within 15 min of death and transported to the laboratory. Fully developed CL, which showed no histological signs of regression, were selected. The tissues were initially dissociated in collagenase (400 U/ml; type 1 A; Sigma Chemical Co., St Louis, Missouri, U.S.A.) in Dulbecco modified Eagle's medium (DMEM) (10 ml/g luteal tissue) and further dissociated into a single cell suspension by 0-3% trypsin/1 mM-ethyleneglycol-bis-(ß-aminoethyl-ether)Ar,Ar'-tetracetic acid (EGTA) treatment. The incubation was terminated by the addition of soybean trypsin inhibitor.
Enriched fractions of endothelial cells (including pericytes), small luteal cells and large luteal cells were prepared on a stepped gradient of Ficoll 400 (Pharmacia Fine Chemicals, Uppsala, Sweden). For each CL, an aliquant of cells from each fraction was counted in a haemocytometer after dilution with trypan blue (Phillips, 1973) . The Hossain, Lee, Clarke & O'Shea (1979) . Antiserum raised in a sheep against progesterone-11-hemisuccinate-BSA was obtained from the Hormone Assay Development Group (C.S.I.R.O., Prospect, New South Wales, Australia): significant crossreactants were 11-hydroxyprogesterone (27%), 11-deoxycorticosterone (6-9%) and corticosterone (5-8%). All other steroids tested, including 20a-dihydroprogesterone, showed cross-reactivity of <l-0%. Tritiated progesterone ([l,2,6,7-3H] (Sokal & Rohlf, 1969) and s.e.m. of percentages were calculated using the arcsine trans¬ formation.
Results
Effects of concentration of LH on progesterone production by luteal cells
Small and large luteal cell fractions were incubated for 12 h with various doses of LH (3-200 ng/ml for 4 CL and 0-05-100 ng/ml for another 4 CL). Results from a representative CL are shown in Text- fig. 1 . There was net synthesis of progesterone during incubation of both cell fractions. Small luteal cell fractions responded maximally to LH with a 3-4-fold increase in progesterone production even at doses as low as 3 ng/ml. At lower doses of LH the response was dose-dependent with a mean ± s.e.m. ED50 of 014 + 0-04 ng/ml (4 CL). In large luteal cell fractions, basal progesterone production was greater than that in small luteal cell fractions, but the response to LH was not as dramatic and reflected the degree of contamination with small luteal cells. For most subsequent experiments an LH dose of 100 ng/ml was selected to ensure a maximal response by the luteal cells.
Effects of endothelial cells on progesterone production
As endothelial cells contaminated fractions of small luteal and large luteal cells (Table 1) , the ability of endothelial cells to produce progesterone in vitro and to influence that produced by small and large luteal cells was examined. Basal and maximally LH-stimulated (100 ng/ml) progesterone production was measured in endothelial, small luteal and large luteal cell fractions from 4 CL incubated for 12 h. In addition, progesterone production was measured in small and large luteal cell fractions to which endothelial cells were added. Results for a representative CL are shown in Table 2 . Effects of dibutyryl cAMP on progesterone production
Small and large luteal cell fractions from 7 CL were incubated for 12 h with 0-5 mM-MIX, 3 mMdibutyryl cAMP in 0-5 mM-MIX, or 100 ng LH/ml, to determine whether the lack of responsiveness of large luteal cells to LH may have been due to receptor damage during cell purification. At the dosage used, dibutyryl cAMP in the presence of MIX stimulated a slightly greater increase in progesterone production (Table 4) (Rodgers et al, 1983a ). Significant differences between small luteal and large luteal cells (within treatments): *P < 0-05, ***/> < 0001. of progesterone by small luteal cells was less than that by large luteal cells. The same trend was maintained under LH stimulation, but differences were no longer significant. After correcting for differences in cell volume, based on values of 2-0 x 3 µ 3 and 6-9 x 3 µ 3 for small and large luteal cells respectively , no differences between cell types were detectable in basal production, but LH-stimulated production was significantly greater by small luteal cells. When progesterone production per cell was multiplied by the mean numbers of each cell type in the CL (Rodgers et al., 1983a ), basal production rates were similar, but LH-stimulated production by small luteal cells was~3 times that of large luteal cells. The mean increase in progesterone production by large luteal cells in response to LH was 7% after correction for progesterone production due to small luteal cell contamination. This increase was not significant (paired t test, 10 CL).
Discussion
The present data on progesterone production by ovine luteal cells in vitro demonstrate that (a) small luteal cells respond specifically to LH and not to any of the other hormones tested, including ovine prolactin and ovine placental lactogen, (b) small luteal cells are very sensitive to LH, with an ED50 of 0-14 ng/ml, (c) the apparent response to LH by large luteal cell fractions can be accounted for by small luteal cell contamination, and (d) the unresponsiveness of large luteal cells to LH is not likely to have been due to LH receptor damage during purification of cell populations.
In the present study contamination of large luteal cell fractions with small luteal cells was higher than that reported previously , and this contamination needs to be taken into account when interpreting the responses to LH by these fractions. When this was done, no significant response to LH by large luteal cells was demonstrable. In other work in the sheep (Fitz et al., 1982) , fractions of large luteal cells responded to LH with a 20% increase in progesterone production which "was consistent with that amount attributable to contamination of these fractions by small luteal cells".
Artefacts associated with contamination of large luteal cell fractions with small luteal cells may also account, at least in part, for reported findings on the effects of LH on the large luteal cells of pigs (Lemon & Loir, 1977) and cattle (Ursely & Leymarie, 1979; Koos & Hansel, 1981) . In none of these studies were results corrected for contamination by the very LH-responsive small luteal cells, although contamination was shown to be considerable when cell populations were examined care¬ fully (Koos & Hansel, 1981 (Rodgers et ai, 1983a) , suggest the intriguing possibility that the small luteal cells of the sheep may be the principal source of progesterone in this species (see Table 5 ). For this to be so would require that the behaviour of the two types of luteal cell in vivo is similar to that in vitro, and that LH levels in vivo during the luteal phase of the oestrous cycle are sufficient to stimulate the small luteal cells. There is evidence in favour of the latter, in the demonstration that the ED50 for LH stimulation of small luteal cells (0-14 ng/ml) is exceeded by luteal-phase plasma LH levels (mean levels of 0-7 ng/ml: Hauger, Karsch & Foster, 1977 ; between pulse levels of 0-6 ng/ml and pulse levels of 3 ng/ml: Baird, Swanston & Scaramuzzi, 1976) .
Indirect evidence that the behaviour of separated luteal cells in vitro may accurately reflect events in vivo can be adduced by comparing data on the effects of administration or neutralization of LH in vivo with the findings of in-vitro studies. If in the present experiments progesterone production rates for both luteal cell types are combined, it could be predicted that luteal progesterone production could be increased by a maximum of 220% basal progesterone production under maximal LH stimulation (12-3 plus 11-6 compared with 39-9 plus 12-3 µg/h: see Table 5 ). Or conversely, the maximum amount by which progesterone production could be reduced by inactivating LH is 46% (given that no regressionary changes occur and that tissue weight remains constant). These values are consistent with in-vitro LH stimulation of luteal tissue slices (Kaltenbach, Cook, Niswender & Nalbandov, 1967; Evrard, Leboulleux & Hermier, 1978; Fletcher & Niswender, 1982) , in-vivo LH stimulation of luteal progesterone secretion (Collett, Land & Baird, 1973; Niswender, Reimers, Diekman & Nett, 1976; Suter, Fletcher, Sluss, Reicher! & Niswender, 1980) , and in-vivo infusion of antiserum to LH (Niswender et al., 1976) .
The present findings could also help to explain why, in contrast to oestradiol-17ß and androstenedione, there is no significant increase in progesterone secretion from the ovary following each pulsatile release of LH in the ewe during the luteal phase (Baird et al., 1976) . From the present results it could be predicted that, even if there was no LH in the plasma between pulsatile releases oí LH, then at best there could be a doubling in progesterone secretion in response to a pulse of LH. II the basal LH level between pulses was 0-14 ng/ml (the ED50 for LH stimulation of small luteal cells in the present experiment) then one could predict only a 60% increase in luteal progesterone secretion. However, basal levels of LH between pulses have been measured at 0-6 ng/ml (Baird e\ al., 1976) , at which level the small luteal cells would already be highly stimulated. Therefore, very little increase in the rate of progesterone secretion in response to a pulsatile release of LH would be predicted.
Many studies have associated the release of 0-2 µ secretory granules from the large luteal cells with the secretion of progesterone, leading to the hypotheses that such granules contain progesterone (Gemmell et al., 1974; Sawyer et al., 1979) , and that the limiting membrane of these granules contains receptors for LH which are incorporated into the cell membrane during exocytosis (Sawyer et al., 1979 (Flint & Sheldrick, 1982) and cause degranulation of the large luteal cells (cattle) (Weinstein, Heath, Shanks & Hixon, 1982) , and (c) large luteal cells, but not small luteal cells, possess high numbers of prosta¬ glandin F-2oc receptors (Fitz et al., 1982) .
In conclusion, it would appear that small luteal cells may be the principal source of luteal progesterone production in the sheep. Furthermore, it is questionable whether large luteal cells are capable of responding to LH by an increase in progesterone production. The possibility that progesterone production may not be the major function of large luteal cells needs to be given serious consideration, particularly in view of the demonstration that these cells contain and can synthesize oxytocin.
